Furazolidone, gentamicin, kanamycin, neomycin, and rofenaid were tested for efficacy against Salmonella typhimurium in chickens. The chickens were exposed at one day old to infected principals, 1-3 principals per 23--99 contact birds, on wire-floored batteries, new, or used litter. Litter, droppings, and cloacal swabs were cul tured at approximately weekly intervals. The drug regimens tested were of limited value for preventing or eliminating experimental S. typhimurium infection.
INTRODUCTION
Chemotherapeutic agents, especially the sulfonamides and nitrofurans, have been used extensively to control salmonellae under experimental and natural field conditions. Williams (5) made an extensive literature review of treatment of the paratyphoids.
This report describes chemotherapy studies in White Leghorns or meat-type chickens on 3 groups of drugs: furazolidone; rofenaid (a mixture of sulfadimethoxine and ormetropen) ; and 3 aminogly coside antibiotics (gentamicin, kanamycin, neomycin). Their efficacy in preventing and eliminating experimental Salmonella typhimurium infection was determined under various growing con ditions.
MATERIALS AND METHODS
A series of 17 experiments were conducted on the 3 groups of drugs. The chickens, obtained from closed flocks free of Mycoplasma galli.septi<:Um and salmonellae, were exposed at one day old to in fected principals, 1-3 principals per 23-99 contact birds. They were reared in wire-floored batteries or on new or used litter, and were given commercial mash or crumbled starter rations. In some experiments the birds were maintained on used litter during treatThis work was supported in part by USDA-CSRS-716-15-14.
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Olga M. Olesiuk, G. H. Snoeyenbos, and C. F. Smyser Following successive use in the various trials, however, it became dry and dusty, so, starting with experiment 14, it was moistened and mixed prior to placement of chicks. The drugs were adminis tered in the feed, water, or by injection at variable levels and peri ods. The birds were held for periods varying between 2 and 17 weeks. Drug activity was measured by one or more of the following criteria: transmission rate, recovery rate, and mortality. Bird in fection was determined by culturing cloacal swabs taken at weekly intervals, and environmental infection by culturing samples of litter or droppings at weekly intervals (3). In a number of trials terminal cultures included the cecal tonsils and a 2-3-inch portion of the mid-gut in addition to cloacal swabs. All samples were inocu lated initially into selenite brilliant-green sulfapyridine broth and/or tetrathionate brilliant-green broth and incubated at 43 C for 48 hours prior to streaking on brilliant-green agar and incuba tion at 37 C for 24 hr. All media employed were Difeo products. One to three salmonella-like colonies from each suspect plate were trans ferred to triple sugar iron agar slants, serogrouped, and a repre sentative isolate from each positive sample was serotyped by standard methods.
In a number of experiments the bird culture data were sub jected to statistical analysis, including the analysis of variance, Duncan's new multiple-range test, and orthogonal comparisons. The culture data for 2 different weeks were selected for comparison; the first week fell in the early treatment period, and the second week was selected after extended treatment or posttreatment. Orthogonal comparisons were applied to the combined data obtained from groups raised on new litter vs groups raised on used litter.
RESULTS
Drug group I. Table 1 shows the prophylactic effects of furazolidone on experimental S. typhimurium in day-old chicks in experiments 1 and 2. In experiment 1, two groups of 99 birds were each exposed to 1 infected principal. Chicks were started on new litter and reared in the same quarters for the 4-week experiment. 
Treatment
Expt.
Isolation by age in weeks
no. 
Group A was given feed that contained furazolidone at the rate of 95 g/ton (0.01 % ) for the first 2 weeks of age starting at the time of exposure to S. typhimurium and Group C served as infected un treated controls. S. typhimurium was recovered from a high per centage of cloacal-swab cultures as well as litter samples taken from both groups. Experiment 2 was similar to 1 except that the birds were ex posed to 2 principals per pen and were fed furazolidone at either 250 or 440 g/ton for the 2-week period. Approximately 27% of the untreated controls ( Group C) died within the first 2 weeks in this experiment, whereas no deaths occurred in the furazolidone-medi cated groups. S. typhimurium was recovered from a high percent age of cloaca} swab cultures and litter samples from all groups throughout the 4-week experiment.
Drug group II. The effectiveness of rofenaid in controlling experimental S. typhimurium in chicks was evaluated in four ex periments 4 to 8 weeks long (Table 2) .
In experiments 3, 4, and 5 the birds were exposed to 1 or 2 principals per group, reared on new litter, and given 0.02 to 0.06% levels of rofenaid in the feed for the first 3 or 4 weeks, of age. All rofenaid levels suppressed transmission to some degree, with the greatest effect at the 0.06 % level.
The culture data from experiment 5 for the 3rd and 5th weeks were analyzed statistically. Tables 8 and 9 present the results for this and succeeding experiments. Significant differences were de tected among groups at 1 % leYel by the analysis of variance. The differences were not consistent over the 2 weeks analyzed, as indi cated by the significant interaction. According to Duncan's new multiple-range test, the group receiving the 0.06 % level of rofenaid was significantly different from the other groups and was superior to all other groups. The control group and the one receiving the 0.02% level of rofenaid did not differ significantly from each other.
In experiment 6, the birds were exposed to S. typhimurium in batteries at a ratio of 1 principal to 24 contacts and maintained there until 2 weeks old. Then they were transferred to isolated quarters with either new or used litter and placed on rofenaid regi mens. No significant differences were detected at the 1 % and 5% levels among the various groups. However, there were significant differences between the two weeks checked, and these differences were not consistent, as indicated by the significant interaction (Tables 8, 9 ). Drug group Ill. The therapeutic efficacy of kanamycin on ex perimental S. typhimurium infection was studied in experiments 7 and 8 (Table 3 ). The birds were exposed to S. typhimurium in bat teries at the ratio of 2 or 3 principals to 23-34 contacts. At 2 or 3 weeks of age the birds were transferred onto new or used litter in isolated quarters, given kanamycin by the subcutaneous route or in the drinking water, and held until 11 or 17 weeks old. In ex periment 7, the treated group differed significantly from the con trol groups. In experiment 8, no significant differences were de tected between the treated and untreated groups raised on used litter, and both were superior to those raised on new litter.
The efficacy of gentamicin under various test conditions was determined in experiments 9 to 17. Table 4 shows results of experiments 9 and 10 to evaluate the prophylactic and therapeutic effects of gentamicin administered in drinking water to birds held in batteries. In experiment 10, neomy cin was also given to 3 groups of birds for the first 7 days. The chicks were exposed to 2 infected principals in each group, and A of experiment 11 which were given gentamicin levels of 500 mg/gal and 25 mg/bird became negative by the 4th week and remained negative, whereas the controls were negative on culture at the 7th week. No isolations were made from the litter of either group after the 5th week. Differences between the various groups of experiments 12 and 13 were significant at the 1 % level. No significant differences were found between the 2 treated groups ; however, these appeared superior to the untreated groups (Tables 8, 9 ). Lower levels of gentamicin were administered in the water for various periods in experiments 14-16 ( Table 6 ) . The results are analyzed statistically in Tables 8 and 9 . In experiment 14, the treated groups did not differ signifi cantly from each other and appeared superior to control untreated groups. Differences between the groups were significant at the 1 % level in experiments 15 and 16, though the significant interaction figure showed that the differences were not consistent over the weeks analyzed. The groups raised on used litter appeared superior to groups on new litter based on orthogonal comparisons.
Group Gentamicin
In experiment 17, gentamicin at 5 and 10 mg/gal was ad ministered to infected chicks on new or used litter for periods of 2-8 weeks (Table 7) . The results obtained in group B, in which the birds were raised on used litter and given gentamicin at 5 mg/gal, were superior to those of the other groups (Tables 8 and 9 ) . The used-litter groups were superior to the new-litter groups, as determined by orthogonal comparisons.
DISCUSSION
Although several of the drugs tested were effective to some degree in either preventing infection or reducing existing infection, the level of such activity was usually too low to suggest practical utility to secure salmonellae-free chickens. Gentamicin, particularly if administered by water and by injection, was quite effective both prophylactically and therapeutically. However, if salmonellae per sisted in some of the birds or in the environment at the time of terminating this or other drugs, the infection subsequently spread to a substantial number of the test subjects. The results with furazolidone emphasize that preventing mor tality from salmonellosis by medication has no necessary relation to reducing rate of transmission or incidence of infection. Although this drug can be effective in reducing mortality from sensitive strains of salmonellae (2,5), levels as high as 440 g/ton failed to influence the rate of transmission to penmates or the incidence of infection.
Used litter, as reported earlier (1), has a distinctly moderating influence on the apparent duration of infection by reducing rein fection. Slight moistening of the litter when it became very dry en hanced this effect, as expected, because the salmonellacidal activity of used litter appears to be caused by the high pH from dissolved ammonia in such litter ( 4).
The method of exposure used ( contact with a few infected 
